Purpose To evaluate the influence of smoking on comorbidity, treatment, visual and general outcome in patients with scleritis.
Introduction
This study was instituted to determine the effect of smoking on the treatment of smoking patients with episcleritis or scleritis compared to nonsmoking patients. We studied whether smoking scleritis patients had more ocular complications, more severe disease or needed longer and more intensive treatment than nonsmokers and whether smoking influenced the visual prognosis and outcome after treatment.
Inflammation of the wall of the eye and its mesodermal coverings can present in many ways from benign simple episcleritis to the severe necrotizing scleritis. The differential diagnosis of episcleritis from scleritis and between diffuse, nodular, and necrotizing disease affecting the anterior segment of the eye is well-recognised. 1 It is also known that the condition with which the patient first presents usually continues throughout the course of the disease. 2 The treatments given follow a wellrecognised protocol depending on the ocular and systemic condition of the patients (Table 1) . 3 Those with diffuse and nodular scleritis are treated initially with nonsteroidal antiinflammatory medication (NSAIDs). Oral steroids in immunosuppressive doses are given to recalcitrant cases and those in whom vision is threatened, particularly patients with posterior scleritis and those with necrotizing scleritis. Disease-modifying agents (DMARDs) are added in those with other systemic diseases, especially if they have a systemic vasculitis or they fail to respond to therapy. Intravenous therapy is used in those with acute sight-threatening disease or exceptionally severe disease.
Smoking can not only induce diseases but also affects drug interactions that are clinically relevant during treatment. 4 According to the World Health Organization, the Netherlands has one of the highest percentage rates of smoking in the EU. In year 2002, 30.1% of the Dutch population older than 15 years smoked. Another 30% of the Dutch inhabitants are ex-smokers. 5 These high percentages make the awareness of possible interactions between smoking and various drug treatments of daily practical importance.
Most studies have been conducted to investigate which systemic diseases are induced by long-term smoking habits. [6] [7] [8] [9] Fewer studies have been looking into the effect of smoking on the severity of the disease itself [10] [11] [12] or the effect it has on its treatment. 13, 14 This study addresses these issues.
Patients and methods
We determined the smoking habits and reviewed the records of 132 patients with episcleritis or scleritis attending the department of Ophthalmology at the Leiden University Medical Center between January 1997 and April 2000. The treatment regimens were prescribed by one of us (RdeK) in a general episcleritis/scleritis protocol. Of the 132 records identified, 29 were excluded because of insufficient clinical detail to ensure a correct diagnosis or lack of insufficient follow-up data for the 3-year study period. The follow-up period from the start of treatment was at least 6 months. All the patients were examined at regular intervals according to the severity of the disease during the 3 years prior to the end of the study. Data on possible factors concerning smoking were collected by postal questionnaire. Information about smoking habits was obtained after determining the patient's response to treatment. Patients who did not return the survey were telephoned personally and asked about their smoking habits. When a patient had died, information about tobacco usage was obtained through patients' partners, family or their general practitioners.
Scleritis was divided into anterior and posterior. Anterior scleritis incorporated diffuse, nodular, necrotizing with inflammation (necrotizing), and necrotizing without inflammation (scleromalacia perforans). Episcleritis was not further subclassified into diffuse or nodular. Posterior scleritis was diagnosed clinically and by a B scan ultrasonograph using the Biovision-B-S with a 10 MHz transducer plus a standardized A-mode transducer and techniques of standardized ultrasonography.
All the patients were examined by an internist, rheumatologist, otorhinolaryngologist or neurologist. The visual acuity was measured at presentation and at the end of follow-up. Visual loss was considered to be defective if there was a reduction of two Snellen lines or more. Another disease or complication that may have caused a reduction in visual acuity was recorded to determine that the visual loss could be solely attributed to the scleral inflammation. The data concerning the patients were entered into a computerized database to ensure that it was retrievable.
An immediate good response to treatment was defined as relief from pain and headache, and resolution of redness and oedema of the episcleritis or scleritis. Treatment varied according to the underlying condition but effective treatment should relieve pain within a few hours. Resolution of the physical signs is generally slower depending on the type of disease but they should also resolve within a month. A delayed response was defined as failure of resolution of signs and symptoms after 4 weeks. Resolution either before or after the 4 weeks cutoff was entered as a binary dependent variable in a forward logistic regression model.
Complete remission was considered to have happened if no signs or symptoms remained at the end of the course of treatment. Remission with complications was used if signs and symptoms had disappeared but the patient was left with poor vision, residual signs in the cornea, uvea, lens, or retina or if there was scleral tissue loss. Visual loss, corneal changes, and uveitis can occur in all forms of episcleritis and scleritis
Forward stepwise logistic regression analysis was undertaken to determine whether smoking or other recorded variables had predictive value for responsiveness to treatment. Outcome in terms of visual loss and cure of episcleritis or scleritis with or without complications, and recurrences were also analysed in a similar manner. The SPSS statistical software version 10 (SPSS inc.) was used for statistical analyses. 9-15.5] ). An effective response to any of the prescribed medication against scleritis was delayed by at least 4 weeks or more in many smoking patients. This was particularly apparent in smoking patients with posterior scleritis in whom 10 (62.5%) out of 16 patients responded belatedly as compared to only two (10%) out of 20 nonsmoking patients with posterior scleritis ( Table 2 ). The majority, 56 (90.3%) out of 62 nonsmoking patients responded to the first given therapy compared to only 26 out of 41 (63.4%) smoking patients. However, patients with a smoking history responded in a similar manner to treatment as nonsmoking patients. Being a heavy (X20 cigarettes), intermediate (10-20 cigarettes), or light smoker (p10 cigarettes) also did not make a difference in the response to treatment. Patients with bilateral disease responded in a similar manner to those with unilateral disease.
Results

Smoking information was gathered from all (N
Being an older smoker is an important risk factor. Older smokers (X48 years) had an increased risk of responding slowly to therapy than young smokers (OR 6.6 [2. 1-20.7] ). Smoking patients with additional associated eye diseases or corneal problems also responded slowly to treatment when compared to nonsmoking patients with similar concomitant eye and cornea diseases (OR 6.2 [2.0-18.9]). In addition, smoking patients with an associated connective tissueFor vasculitis disease reacted more slowly to a medication than nonsmoking patients with a similar systemic disease (OR 5.5 [1.9-15.8]). Importantly, when a smoking patient had all above-mentioned risk factors (X48 years with a concomitant eye disease and connective tissue and/or vasculitic disease), the risk of delayed response to initial given treatment was 7 times higher than in a nonsmoking patient with similar risk parameters (OR 6.9 [2.0-24.8]). 
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Discussion
This study shows that irrespective of the type of medication smoking during treatment delays the full response to the therapy by a month or more in many patients with episcleritis or scleritis when compared to nonsmokers. Out of 62 nonsmokers 56 (90.3%) responded to their first given medication as opposed to only 26 (64%) of 41 smoking patients. The delay in response was particularly noticeable in 10 (62.5%) out of the 16 smoking patients with posterior scleritis as compared to only two (10%) out of 20 nonsmoking patients with posterior scleritis. In addition, posterior scleritis alone does not increase the risk of responding belated to therapy (not statistically significant). Thus, smoking is the risk factor and not posterior scleritis itself. Practically, this means that smoking patients receive medicine for longer time periods, often at a higher dosage and/or requiring additional stronger treatment.
Episcleritis and scleritis are almost unique in being conditions where it is possible to monitor the effect of treatment by direct observation of the inflammatory response. These observations can also be confirmed by the use of indocyanin green (ICG) and fluorescein angiography. 15 It has therefore been possible to assess with confidence the effect of smoking on the various methods of treating these conditions. Treatments, given under the supervision of one person, were appropriate for the condition concerned. They varied from a short course of NSAIDs to intensive intravenous steroid and DMARD therapy. The response to treatment was judged by the relief of pain and tenderness and the objective observation of the changes in the external and inner eye supported where necessary by angiography.
A patient who has not been smoking more than a year prior to treatment responds in a similar way to a prescribed treatment when compared to patients who have never lit a cigarette in their life. Thus, previous exposure to tobacco did not have an effect on treatment response. Additionally, there was no difference in response to treatment between heavy (X20 cigarettes) and light smokers (p10 cigarettes). This suggests that the influences of smoking on belated response to treatment are due to pharmacological interactions or immunopathogenic mechanisms as opposed to the cumulative damage seen, for example, in atherosclerosis or chronic obstructive airway diseases, which makes these diseases more difficult to treat even when a patient has given up smoking. As eventually, smokers pass into complete remission from the scleral inflammation with similar ocular complications, recurrences, and visual outcome; when compared to the results in the nonsmoking patients, it seems that smoking directly influences the effectiveness of specified medication.
The most important pharmacological active components in tobacco smoke are polycyclic aromatic carboxides and nicotine. Other components are carbon monoxide, ammonia, acrolein, acetone, benzopyrenes, hydroquinone, nitrogen oxides, and cyanide. Only few of the many substances in tobacco smoke have been directly investigated for their effect on drugs and it remains unclear as to which specific product is responsible for any changes observed. However, the interaction between the prescribed medicine and smoking have been conducted into the treatment of several diseases, such as in Graves' ophthalmopathy in which smoking during various therapies decreases the efficacy of the given treatment. [12] [13] [14] It is recognized that smoking lowers serum levels of some medications, such as theophyllin, 16 tricyclic antidepressants, 17 selective serotonin-reuptake inhibitors, 18 and antipsychotics, 19, 20 mostly because of elevated enzyme induction in the liver, indicating an increased metabolism and therefore a more rapid biotransformation of medicine. 21 Therefore, smokers need higher dosage of medicine in order to have proper serum levels for similar therapeutic effect when compared to nonsmokers. In addition, older smokers also respond more slowly to treatment than young smokers. As people grow old, various physiological mechanisms react less rapidly, particularly liver metabolism, because of smaller liver size and reduced blood flow in older patients. Although these mechanisms counteract the main smoking effect, 22 older smokers (X48 years of age) have a higher number of smoking years than younger smokers and thus have a higher chance of accumulative damage to vulnerable organs and systems.
Smoking is known to influence the effect or side effect of given medications (pharmacodynamic interaction). This is known to happen in smoking patients with diabetes mellitus type 1 who use significantly higher amounts of insulin than nonsmoking diabetes patients. 23 Some medications are known to be not as effective in smoking patients such benzodiazepines, 24 the opioid analgesic (Dextropropoxyfen), 25 and cardiovascular medication such as the b-blocker propranolol. 26, 27 There are multiple effects of smoking on immune and inflammatory functions, including increased numbers of circulating and tissue neutrophils and lymphocytes and complex alterations of macrophage, B-and T-cell functional responses, depressed natural killer cell function, and increased complement activation. [28] [29] [30] Smoking can exacerbate inflammatory responses, such as in periodontal disease 31 and rheumatoid arthritis (RA). 32 Additionally, refraining from smoking prevents the development or worsening of Graves' ophthalmopathy. 12 However, contrarily, cessation of cigarette smoking activates the mucocutaneous symptoms, especially oral aphthous lesions in patients with Behcet's disease. 33 These effects of smoking in inflammatory diseases can be due to an immunological shift from Th1 to Th2 cells in smokers, which gives an immunosuppressive but eventually damaging result. 34 Smoking can be associated with development of systemic autoimmune disease, including Goodpasture's syndrome, 8 RA, 35 Crohn's disease, 9 MS, 7 and Grave's disease. 11 Furthermore, smoking can displace the phenotype of chronic irritable bowel disease from ulcerative colitis to Crohn's disease, regulating not just whether there is a disease but also the type of disease that develops. 9 There is no evidence that scleritis, which is often linked with an autoimmune disease, is associated with smoking, but this study shows that the speed of response to treatment is reduced and there is the increased chance of slower recovery in many smoking patients. Smoking scleritis patients with additional ocular complications and associated systemic diseases react even slower to the given treatment in contrast to nonsmoking patients with similar severe disease. These patients also have a worse general outcome. The symptoms, ocular complications, associated eye diseases, general and visual outcome in smoking scleritis patients were similar to the nonsmoking patients in this study.
At present, we are not able to determine whether those who smoke should be treated more aggressively at presentation or whether simply stopping them from smoking during the course of treatment will allow the medication to retain its effectiveness. However, as a prospective trial is not feasible in a condition as uncommon as this we would feel on the evidence presented here that smoking should be prohibited during the treatment of these conditions.
